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In  December  1902,  the  Army  Weapons  Ccisaaiid  seat  proposals  from  ten  manufac¬ 
turing  companies  to  the  Ballist'"  Research  Laboratories  (BRL)  to  be  evaluated  for 
the  Special  Purpose  Individual  Weapon  System  (SPIW).  Personnel  of  the  Interior 
Ballistic  Laboratory  (IBL)  evaluated  the  kinematics  of  the  various  proposed  sys¬ 
tems  and  ■^econmended  that  prototype  weapons  be  manufactured  by  Aircraft  Aimaments 
Incorporated,  and  by  Winchester  Arms  Division  of  Olin  Industries.  It  was  also 
recommended  tb'  t  further  research  be  carried  out  on  a  proposed  three -barreled, 
open  chamber  weapon  firing  three  cartridges  simultaneously  of  the  XKllth  or  XMUO 
types.  Later,  an  eleventh  proposal  was  also  received  f'^om  Springfield  Armory. 

As  a  result  of  the  '^valuations  by  several  different  groups,  tne  Selection  Com¬ 
mittee  chose  the  fu^^wlng  companies:  Aircraft  Armaments,  Incorporateu  (AAl), 
Harrington  and  Ricnar^on  (H&R),  Springfield  Armory  (SFR),  and  Winchester  (WIN), 


to  each  produce  ten  pro^-^e  weapons  as  presented  in  their  proposals. 

Early  in  March  196h7*J^ee  prototype  weapons  from  each  of  Mm  four  contrac¬ 
tors  were  delivered  to  BRL  for  kinematic  analysis  and  evaluation.  An  extensive 
series  of  tests  laiVa^lMten  conducted  aim— to  furnish  Ite  data  for 


data  for 


selecting  the  prototype  which  would  be  most  advantageous  to  develop  for  the  SPIW 
svstem.j^ 

lni-0#.al  tests  of  the  three  I»rreled  Harrington  and  Richardson  weapon  showed 
that  the  astern  was  hopeless:  first,  because  of  its  excessive  wei^t;  second, 
because  the  mechanism  could  not  be  made  to  function;  and  third,  because  the  three 
projectile  round  produced  extreme  variations  in  velocity  and  excessive  dispersion 
in  the  target  patterns.  As  a  result,  the  Harrington  and  Richardson  system  was 
withdrawn  from  the  program  and  given  no  further  consideration. 


The  Cal.  7.62Bim  automatic  rifle  M14  and  Cal.  0.223  automatic  rifle  KL6 
were  designated  as  ccntrol  weapons  and  fired  in  the  piogram  to  provide  a  compar¬ 
ison  to  the  c<mpetitive  systems.  !I3ie  hinematic  analysis  of  each  weapon  system 
is  included  In  the  following  ordtx; 

Cal.  7.6anm  Automatic  Rifle  Ml4 
Cal.  0.223  Automatic  Rifle,  MI6 
Aircrafts  Armaments,  Incorporated 
Gprlngflelu  Armory 

Winchester  Arms  Division,  Olin  Industries. 

The  control  weapons  are  described  in  the  discussion  of  the  methods  and 
tecnniq.ues  used  in  testing  the  prototype  weapons.  The  analyses  of  th?  prototypes 
follow  under  seperat^  uesidings. 

Considering  that  the  4f...jr.  purpose  of  this  report  is  to  furnish  guidance  for 
selecting  the  best  overall  SPIW  system,  the  report  is  arranged  into  three  main 
sections.  Section  I  Includes  comparative  tables  of  average  values  such  as 
weights,  impulses,  moments  of  Inertia,  cyclic  rates,  and  overturning  mcsnent  arms. 
Also  included  are  comparative  tables  of  malfunctions,  problem  areas,  and  a 
general  assessment  of  the  competitive  SPIW  systems.  This  should  furnish  a  quick 
and  ready  reference  for  members  of  the  Evaluation  Committee.  Section  II  Includes 
a  discussion  of  the  testing  meth'ds  and  procedures,  weapon  operation,  and  analysis 
of  the  data.  Section  III  presents  infoimation  -rfiich  documi'-ts  those  values  gi.ven 
in  the  tables  of  Section  I.  Section  IV  contains  a  detailed  series  of  tables  show¬ 
ing  the  variations  in  the  parameters  of  those  weapons  evaluated  by  IBL. 
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(CO!FIJ)E!n:iAL)  SECTION  I.  CCMPABISOH  AND  C»HCLUSICMS  (U) 

arp  tables  giving  da-ca  for  the  prototype  and  control  vreapons  as 
determined  at  IBL. 
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PROBLEM  AREAS 
AAI .  (1) 

(2) 

(i) 


(4) 

b) 

(b) 

SPR .  (1) 

(2) 

(3) 

(4) 

(5) 


(6) 


Aramunition  must  be  lubricated  and  the  chamber  must  be  cleaned 
frequently  to  prevent  case  separations. 

Lubrication  of  amunition  produces  excessive  sludging  of  the 
mechanism  and  magazine. 

Either  the  friction  should  be  reduced  or  the  spring  force 
increased  In  the  magazine  to  position  the  round  in  a  shorter 
time  Si  id  prevent  bolt  overrides. 

The  three -rf"md  selector  may  fall  to  function  vten  exposed  to 
dust,  sand,  and  dirt  because  of  its  complexity  and  sludging. 

fcxt'Tfctor  1'^  ..eeda  to  be  reinforced  to  prevent  breakage. 

Quality  control  on  eomunition  is  poor  and  causes  widespread 
variation  in  impulse  and  functioning  of  weapon. 

Box  magazine  reQuir^s  further  developuent  to  obtain  positive 
feeding. 

Extractor  lip  needs  to  be  reinforced  to  prevent  breakage. 

BackpLate  buffer  system  needs  to  be  revised  to  eliminate  cracking 
of  operating  rod'bolt  carrier  assesOsly  and  loss  of  the  charging 
lidndle. 

A  major  redesign  will  be  necessary  if  a  low  rate  aechanlsn  Is 
required. 

Naturea  frequency  of  barrel  and  cyclic  rate  of  the  gun  have  a 
phase  relationship  which  can  Increase  the  aaplitude  of  the 
barrel  vibration  to  the  detriment  of  accuracy.  Ibis  will  most 
likely  be  maximum  with  prone-bipod  firing. 

Plastic  Abotild  be  reinforced  to  prevent  biw.  tge. 
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WIN 


(1)  Floating  'barrel  does  not  give  a  significant  decrease  in  the 

extreme  spread  of  a  three-round  'burst  as  compared  to  that  of  the 
lockea  hairel.  If  the  floating  barrel  effect  were  maximized 
through  rec'°«ign,  the  level  would  not  be  obtained,  except 
through  use  of  compensation. 

(2)  The  floating  barrel  concept  produces  most  of  the  malfunctions 

encountered  with  the  system. 

(3)  The  recoil  Impulse  of  this  weapon  is  uhe  highest  and  the  P'uc.-le 

velocity  is  the  lowest  (WSL  data) • 

(h)  Normally,  the  weapon  la  underpowered. 

(5)  Firing  ,  lacks  sufficient  energy  to  fire  the  first  round  con¬ 

sistently.  Sometimes  even  succeeding  rounds  fall  to  fire 
beca-t"  ''f  the  relative  motion  of  the  barrel,  receiver,  and  the 
firing  pin. 

(6)  Magazine  has  excessive  friction  and  lacks  positive  support  for 

positioning  the  rounds  in  the  feed  throat. 

(7)  Fixed  ejector  adds  excessive  friction  to  the  bolt  and  Influences 

the  rate  of  fire. 

(6)  Onuree-round  h<irst  control  mechanism  is  weak  and  poorly  designed. 

(9)  Weapon  will  fire  upon  charging  unless  three  round  burst 
counter  wheel  is  indexed, 

(10)  Muzzle  attachment  fails  to  hold  the  stripper  securely. 

(11)  Extractor  lip  requires  reinforcing  to  prevent  breakage  and  the 

extractor  spring  requires  redesign. 

(12)  nie  casnlng  forces  and  torques  during  unlocking  of  the  bolt  are 

excessive. 
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Desirable  Features 

In  reviewing  the  features  of  the  three  weapons,  it  appears  that  the  best 
features  might  be  combined  advantageously  into  a  single  weapon.  None  of  the  three 
prototifpe  weapons  are  capable  of  incorporating  these  features  without  extensive 
redesign.  The  desired  features  are  as  follows: 

Stock,  Butt  Plate  and  Siglits.  Whatever  the  material  used,  the  weapon  should 
have  a  conventional  drop  stock  with  low  sights  for  easy  and  accurate  aiming.  The 
line  of  tlu-ust  or  the  center  line  of  the  bore  extended  shoiad  be  as  near  to  the 
center  of  the  butt  plate  as  possible  to  avoid  an  overturning  covyple  which  tends  to 
raise  the  muzzle.  This  is  best  acccmplished  by  having  the  barrel  and  receiver 
placed  as  low  as  practical  in  the  stock  with  much  of  the  mechanlsB  placed  above 
the  barrel.  The  op  Winchester  weapon  more  nearly  meets  this  require¬ 

ment.  The  Aircraft  A’lsments  weapon  contains  a  drop  stock  and  low  sights  but  the 
line  of  thrust  is  above  the  heel  of  the  butt  plate,  nece8uiiAlli»g  a  largo  compen¬ 
sating  force  to  limit  muzzle  rise.  The  Springfield  version  contains  a  straight 
stock  with  the  line  of  thrust  slightly  below  the  heel  of  the  butt  plate,  but  the 
sights  are  high  and  aiming  Is  awkward  unless  the  butt  plate  rests  high  on  the 
shoulder,  on  the  extrone  edge  of  the  shoulder  or  on  the  muscles  of  the  era. 

Three-Round  Control  and  Mode  of  Fire  Selector  System.  The  selector  and  burst 
control  should  be  simple,  positive  and  rugged.  It  is  desirable  that  it  provide  a 
low  rate  of  fire  for  full  automatic  firing  and  autcoatic  re-indexing  for  three - 
round  burst  control.  The  Springfield  system  most  nearly  meets  these  requirements. 
It  has  a  cam  method  of  operation  of  a  combined  three-round,  full  aubosatlc  and 
semi-automatic  control  unit  which  is  durab?.e  but  dees  not  contain  outcmatic 
re -indexing  orl  low  rate  features.  The  Winchester  control  unit  is  Inadequate. 

Ihe  Aircraft  Armamcnt^a  system  performs  all  functions  but  Is  coopllestsd  and  has 
relatively  short  endurance  capabilities. 

Selector  Switch.  selector  switch  provided  by  Alrer.  ft  Armnuents  Is 
advocated  since  it  is  easilv  set,  accessible,  and  has  good  locking  abilities. 
Sp'r-ingfielii  selector  switch  is  the  difficult  to  operate  and  moat  inaccessible 
of  the  three  switches. 
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Magazine.  The  hox  type  magazine  is  favored  over  the  drjm  magazines  because 
of  its  siiaplicity,  ease  of  storage,  ease  of  carrying,  ease  of  field  loading,  and 
lower  inherent  friction. 

Stripper  Replacement.  It  should  he  possible  to  replace  strippers  with  ease 
and  speed.  This  is  best  provided  for  by  the  Winchester  muzzle  device. 

Barrel.  The  barrel  should  be  stiffened  to  Increeise  its  natural  frequency  of 
vibration  and  decrease  its  amplitude  thereby  reducing  the  influence  of  barrel 
movement  on  accuracy. 

Bolt  Mechanism.  Some  method  should  be  devised  to  reduce  the  Impact  forces  as 
the  operating  rod  or  bolt  carrier  cams  and  Jerks  the  bolt  rearward  and  Jerks  the  car¬ 
tridge  case  from  the  chamber.  Such  a  method  would  contribute  to  the  life  of  the 
extractor  and  reduce  tb  ^'issibiiity  of  case  separations.  This  might  take  the 
form  oi  a  camming  effect  which  breaks  loose  the-  case  emd  provides  the  bolt  with  an 
Initial  velocity  prior  lo  the  impact  between  bolt  and  bolt  carrier.  A  second 
method  ^ich  seems  simpler  is  to  install  a  relatively  heavy  stjrlng  between  the 
bolt  and  bolt  carrier  which  buffers  their  Impact  and  eases  extraction.  Such  an 
arrangement  may  be  installed  in  any  bolt  mechanism  assembly. 

Amnunltion.  The  conventionally  primed  round,  XMlW,  Is  advocated  since  the 
multi -piece  primed  cartridge  KMUO  cannot  be  fired  successfully  without  lubrica¬ 
ting  the  case  and  the  single  piece  primed  cartridge  XM190  provides  marginal  func¬ 
tioning  when  fired  unlubrlcat  jd. 
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(UNCLASSIFIED)  SECTION  II.  METHODS  OF  MEASUREMENT  AND  ANALYSIS 
Measurement 


Tile  weapofii  receive’  for  eTOluation  and  oomparlson  were  as  follows: 


SYSTEM 


HUMBER 


AAI 

H&R 

SER 

WIN 

m6 


2,  3,  & 

3,  'u  &  7 

11,  15,  19,  13,  14,  &  17 


1,  3,  &  9 
608Y56  (T3«/', 

030936  (COLT,  AR-15,  MOD.  02) 


The  study  was  concentrated  upon  the  fvmctlonlng  of  the  aechaniams  and  the 
adequacy  of  their  com;  ?’'°nt  pares,  the  effect  of  rate  of  fire  and  barrel  flexi- 
Dilrty  upon  accuracy,  the  weights  of  parts  and  combinations  of  comporents ,  the 
moments  of  inertia  of  various  configurations  and  the  ccoponents  of  impulse. 

The  pertinent  measurements  were  made  using  the  following  techniques: 

Displacement "Time  Recordings,  Mechanism.  7or  the  techniques  of  obtaining 
displacement -tiae  records,  BHL  Report  Mo.  610  should  be  consulted. 

Each  of  the  weapons  was  mounted  in  a  machine  rest  by  clamps  as  shown  in 
Figure  1. 


ngure  1.  (UKLAS8IFXSD)  Mount  for  Bolt  Notion  Study 
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Flrtf  rubber  padding  ms  used  for  protection.  Reflectors  vere  placed  on  the 
slock  and  on  a  convenient  part  of  the  operating  rod.  Prom  the  displacement -time 
records  of  those  reflectors  taken  during  three-round  and  ten-round  bursts,  the 
bolt  motion  csn  be  infer’-ed. 

In  this  study,  three  three-round  bursts  and  three  ten-round  bursts  vere 
scheduled  for  each  of  the  weapons.  The  rates  of  fire  were  determined  from  the  time 
between  rounds.  Representative  cycles  were  selected  from  the  records  and  the 
operating  events  cf  the  weapon  were  identified  by  measurlr^g  the  location  or  bh.- 
part  or  parts  of  the  meclianism.  Figure  i;  shows  this  for  the  Mlli  and  Ml6. 

The  representative  cycles  were  measured  for  dieplanement  and  time.  Using 
differentiation  fomolas  as  presented  in  BRL  Report  Ko.  8*^0,  velocity  versus  time 
and  accelerat-t  on  v.*oub  time  was  obtained.  The  results  were  then  plotted  as  shown 
In  Figures  3  and  t. 

The  estimates  of  the  accelerations  associated  with  the  Impacts  in  the  mech¬ 
anisms  were  low  due  to  the  nature  of  the  nmerlcal  enalyals.  These  then  were 
checked  by  graphical  methods.  Another  check  on  the  acceleration  forces  present 
was  obtained  by  means  of  the  dlsplacemcnt-tiae  infonnation  and  the  calibration  of 
the  springs  found  In  the  mechanism.  Further,  with  this  infonnation  the  energy  of 
the  firing  pin  at  the  time  of  primer  contact  could  be  estimated. 
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niWriASSIFIED)  3  displacement.  VELOaTY.  ACCELERATION  VS.  TIME 

lUNLLM^airici/f  RIFLE,  CAL.  7.62  ,  MI4 
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Displacement-Time  RecordltiR,  Muzzle.  The  weapons  were  fitted  with  reflectors 
on  the  muzzles  such  that  the  vertical  oscillation  of  the  muzzle  could  he  obtained. 
The  same  weapon  mounts  were  used  as  shown  in  Figure  1  except  the  forward  support 
was  moved  back  to  the  fore -grip  tw  shown  in  Figure  5. 


Figure  5"  (UNCLASSIFIED)  Mount  for  Muzzle  Motions  Study 


Three  thiee-round  bursts  and  one  area  round  were  fired  for  each  system. 
Displacement -nime  records  obtained  provided  the  basis  for  estimating  the  angle  of 
the  barrel  at  the  muzzle.  Targets  were  measured  to  provide  a  check  on  these 
estimates.  Figure  6  shows  records  of  the  barrel  motion  for  ihe  Ml4,  Ml6,  and  the 
Mlb  outfitted  with  a  combination  muzzle  brake  and  compensator  (JIEiC). 
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FIGURE  6  VERTICAL  MUZZLE  MOTION  V*.  TIME 


The  time  of  projectile  emergence  is  recorded,  directly  on  the  displacement - 
tine  record  as  fiducial  lines.  These  are  produced  by  the  muzzle  flash  euid  the 
optics  of  the  drum  camera.  The  fiducial  lines  provide  a  meaxis  of  determlnirig 
rate  of  fire  and  the  effect  of  ’  e  interaction  of  rate  of  fire  and  natural  fre¬ 
quency  of  the  barrel  on  target  patterns. 

We ■ ghts .  The  weights  of  components  of  the  systems  and  of  various  combina¬ 
tions  were  determined  by  means  of  a  balance  scale. 

Moments  of  Inertia.  The  moments  of  inertia  of  each  weawn  were  deteminci  by 
torsional  pendulum  techniques  similar  to  those  described  in  BRL  Technical  Note 
No.  871+.  The  weapons  were  placed  on  a  previously  bnlanced  tray  which  hung  by  a 
wire  as  shown  in  Fig’.'re  7. 
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The  tray  and  weapon  con'bination  regains  balance  when  the  center  of  gravity 
01  tne  weapon  Is  vertically  beneath  the  wire.  A  stylus,  colinear  with  the  wire, 
was  used  to  mark  the  location  of  the  center  of  gravity  on  the  weaiJon.  The  tor¬ 
sional  period  of  oscillation  about  the  wire  of  the  tray  and  weapon  combination 
was  measured.  This  leads  to  the  value  of  the  moment  of  inertia  about  the  wire  of 
the  combinations.  Subtracting  the  moment  of  inertia  of  the  tray  from  this  value 
gives  the  momenu  of  inertia  of  the  weapon  about  an  axis  peirallel  to  the  wire  a.Td 
through  the  center  of  gravity  of  the  weapon.  The  moment  of  inertia  about  a  paur- 
allel  axis  through  the  center  of  the  butt  plate  is  calculated  from  this  value,  the 
known  weight  of  the  weapon,  and  the  distance  of  the  center  of  gravity  from  the 
center  of  the  butt  plate. 

C'>npo">--i'ts  of  Impulse.  (Hie  measurement  of  Impulse  is  achieved  by  use  of  a 
bttlllbLiu  pendulum.  The  tec‘''‘l'iueR  are  described  in  BRL  Memorandum  Report 
No.  955.  Each  of  the  weapons  was  mounted  in  a  three-wire  pendulum,  first  on  the 
side  to  measure  recoil  impulse  and  the  component  of  isqpulse  which  it  Oownwrd  at 
the  muzzle,  and  second,  rotated  90°  about  the  bore  line  to  SMtasure  the  recoil 
cemponent  and  the  leftward  component  of  hapulse  at  the  muzzle.  Ten  rounds  were 
fired  for  each  of  these  two  conditions.  The  technique  was  atmpllTled  for  this 
study  by  placing  a  single  stylus  at  the  center  of  gravity  of  the  pendulvsa  boh  and 
recording  the  motion  of  the  bob  on  a  horizontal  surface  as  shown  In  Figure  8. 


Figure  8.  (UHCLASSIFIED)  Weapon  Mounted  In  Three  Wire  Ballistic  Pendulum 
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The  line  drawn  is  parallel  to  the  resultant  Impulse  vector  and  Its  length  Is 
proportional  to  the  magnitude  of  the  vector.  This  test  was  carried  out  hy  the 
Developaent  and  Proof  Service. 

Analysis 

Parts  Life  aixd  Impacts.  Impact  forces,  in  general,  are  a  measure  of  the  life 
of  the  components  in  a  weapon.  The  more  severe  the  Impacts  sustained,  the  less 
the  longevity  that  can  be  exnected  for  tae  parts  involved.  The  accelerations  at 
impact  at  the  breech,  sear,  unlocking  and  at  the  rear  Duifer  can  be  transferr.'d  to 
any  desired  component  of  the  bolt  to  estimate  the  force  on  that  particular  part. 

To  obtain  the  accelerations  and  their  corresponding  forces,  an  average  round  of  a 
burst  was  selected  end  the  displacement -time  record  oi  that  round  differentiated 
to  obtain  both  «na  acceleration.  Since  the  method  of  differentiation 

cannot  handle  discontinuities  and  is  Inaccurate  for  sudden  changes  of  velocity  in 
very  short  Intervals  of  time,  the  acceleration  has  been  eetlsated  from  'Uie 
displacement-time  curve  by  the  tangent  method. 

Extraction.  Since  it  Is  most  difficult  to  estimate  the  force  involved  In 
extracting  the  fired  case,  l.e.,  the  frictional  forces  between  the  case  aol  chamber 
walla,  the  strength  of  the  extractor  must  necessarily  be  a  "cut  and  try"  affair. 

At  high  rates  of  fire,  the  acceleration  effects  beooiw  much  larger.  Bence  the 
extractors  must  be  proportionally  stronger  ae  the  rate  increases;  and  the  surface  in 
contact  with  the  rla  is  also  proportionally  increased. 

Feed  Mecbanlama .  Magaslnee  should  have  a  spring  strung  enough  to  raise  a 
round  to  the  feeding  lips  in  the  time  allotted  by  the  bolt.  Feeding  must  be  posi¬ 
tive  when  one  round  le  in  the  magasiue  or  the  magasine  le  full. 

EJectore.  In  general,  an  ejector  which  is  fisted  to  the  receiver  instead  of 
being  a  moving  part  of  the  bolt  is  more  reliable. 

Barsrel  Whip.  The  vibration  of  a  barr^-l  affects  the  aecuraey  of  a  weapon  since 
the  projectile  le  lauS'ch.l  i:;  accordance  .th  the  angle  of  the  u..  .*el  at  the  auxxle 
and,  to  a  leaser  extent,  the  lateral  velocity  of  the  barrel  at  the  time  of  projee- 
vile  emergence.  When  barrels  are  relatively  light  and  fiesilble  and  aunzle 
compensators  which  provide  lateral  Isipulses  to  the  banwl  at  the  auxxle,  the 
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magnitude  of  the  oacillatlons  can  become  large.  In  addition,  'irtien  the  weapon  is 
fired  automatically,  the  successive  projectiles  can  emerge  at  times  wben  the 
muzzle  deviates  considerably  from  the  rest,  aimed  position.  Further,  the  xate  of 
fire  of  the  weapon  can  be  such  tha'  succeeding  lateral  Impulses  accentuate  the 
oscillation  remaining  from  previous  rounds. 

The  rate  of  fire  of  the  weajwn  ceui  be  chosen  to  be  compatible  with  the 
natural  freq.uenc.v  of  the  barrel  but  this  arrangement  will  be  lost  if  a  bayonet 
and/or  bi-pod  is  atta^'hed  to  the  muzzle.  It  also  will  fail  in  so  far  as  the  ratr 
of  fire  deviates  xrom  the  optimum.  In  gene.-al,  it  is  better  to  stiffen  the 

bai'rele 

Whenever  the  veaxon  Is  fixed  with  respect  to  th;‘  in  varying  degrees  of 

rigidity,  the  amplicu''^  of  u.e  vibration  and  the  accuracy  of  the  weapon  will  vaiy 
according  to  the  rigidity. 

Problem  Areas .  In  those  cases  where  unusual  or  new  problems  arose  with  a 
weapon  system,  appropriate  techniques  were  devised  and  are  described  in  the  section 
devoted  to  that  weapon. 


CONFIDENTIAL 

(CONFTIJENTIAL)  SECTIOK  III:  WEAPON  SYSTEMS  (u) 

AIRCRAFT  ARMAMENTS,  INC.  SPECIAL  PURPOSE  INDIVIDUAL  WEAPOil 
Description 

The  Aircraft  Armaments  syste  is  shown  in  Figure  9-  I’he  point  fire  weapon 
is  essentially  gas  operated,  obtaining  its  energy  for  operation  from  the  set  back 
of  a  piston  which  is  incorporated  in  the  cartridge.  In  operation,  the  firing  pin 
strikes  the  piston  moving  it  forward  to  actuate  the  primer.  The  ensuing  gas 
pressure  accelerates  the  piston  and  firing  pin  rearward,  unlocking  the  bolt  y’ith 
sufficient  euerg.  to  cycle  the  mecha.ii3m  at  a  rate  of  fire  fiom  2000  to  25OO  shots 
per  minute  in  controlled  three-round  bursts.  The  mechanism  also  contains  a 
selector  which  provides  semi-automatic  fire,  three-rounds  per  trigger  pull  and 
^'.i’'l  automatic  fire.  The  rate  of  fire  for  full  automatic  fire  is  reduced  to 
(C0-7T)  shots  per  minute  (SPM)  by  means  of  a  time  delay  mechanism.  The  amnunltion 
is  fed  into  the  from  •»  spring  loaded,  plastic  drvim  mugaslne  holding  60  rounds 

located  immediately  ahead  of  the  trigger  guard. 


Figure  9.  (COHFIUirriAL)  Aircraft  ArMunents  SPIN  System  (U) 
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An  area  round  launcher  Is  attached  to  the  stock  beneath  the  barrel.  The 
launcher  holds  three  standard  UOmm  area  rounds  in  a  tandem  magazine  and  is  operated 
manually  lever  action.  The  area  round  is  fired  by  a  trigger  located  beneath 
the  launcher  forward  of  the  magazine  of  the  point  fire  weapon.  Rubber  pads  shown 
in  Figure  10  are  placed  between  the  stock  and  area  launcher  to  reduce  the  recoil 
force . 


Figure  10.  (OOKFIQESTIAL)  Launcher  Recoil  Fads  (u) 
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Ttie  bolt  assembly  siiown  in  Figure  11  is  composed  of  the  bolt  bodj  containing 
the  extractor,  locking  cam  and  the  locks,  the  firing  pin  containing  the  cam  pin, 
the  searing  surfaces,  tne  buffing  surface,  and  the  assembly  which  mates  with  and 
attaches  the  driving  spring  to  the.  firing  pin.  Since  the  firing  pin  assembly 
ser/es  the  function  of  an  operating  rod  it  will  be  so  termed.  The  driving  spring, 
composed  of  two  separate  springs  in  parallel,  also  serves  as  the  firing  pin  spring. 
A  heavy  spring  buffer  is  assembled  at  the  rear  of  the  receiver  to  remove  all 
remaining  energy  from  the  bolt  assembly  and  return  i+  to  batsery  at  a  relatively 
high  velocity. 


Figure  11.  (cOHFIKKTIAL)  Bolt,  Firing  Pin  and  Recoil  Springs 
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Procedure  and  Results 

Three  rifles,  No.  2,  3  and  4,  complete  with  40nm  area  round  launchers  were 
delivered  for  kinematic  analysis  and  evaluation.  Each  of  these  weapons  was 
mounted  in  the  machine  rest  held  at  the  retu:  hy  a  butt  support  and  boot  backed 
up  by  the  soft  recoil  pad  on  the  rlf..c  butt  as  shown  in  Figure  12.  Displacement- 
time  records  of  operating  rod  motion  and  barrel  vibration  were  obtsdned.  For 
barrel  vibration  the  weapon  was  held  as  shown  in  Figure  13.  Weapon  Ho.  5 
also  fired  from  the  shoulder  to  observe  vertices,  movement  using  the  shoulder -elbow 
stance . 


Figure  13.  (incUSSIFIED)  Mount  for  Nuxale  Notion  Study 
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A  resum^  of  the  firings  vlth  the  three  weapons  together  with  tho  rates  of 
fire  and  malfunctions  are  given  in  Table  V. 


TABLE  V 

(coufidestial)  functioning  urn  (U) 

ArroofliGntSi  Inc. 

Ammunition:  »1110,  Lot  AAI-650-15 


Weapon 

Number 

2 


No.  of  Rds.  Bate  of  Fire _ 

Ir  Bui'ot  Av.  SiE* 


Remarka 


Three  “round  biursta,  machine  reat 


2 

mm 

•  • 

failed  to  feed  third  round 

3 

■a 

2L59 

2344 

2230 

mm 

failed  to  feed,  12  o’clock  etub 

3 

217*1 

2035 

lB46 

Ho  ratea  taken,  anttsle  aotion 

1 

— 

.. 

.. 

failed  to  extract 
failed  to  extract,  broken 

2 

extiactor 
failed  to  feed 

2 

2 

— 

— 

Failed  to  feed 

Changed  to 

Ho.  3  aagaalne 

3 

•• 

— 

3 

— 

mm 

3 

— 

— 

mm 

AutOKktic  fire,  nacblne 

reat 

v/No. 

3  m*’Eatlne 

10 

11 

(I** 

714 

697 

701 

686 

696 

low  rate  aechaniaa  failed  on 
Uat  round  ^ 

10 

710 

703 

696 

Failed  to  feed,  round  atucx  In 
throat 

10 

713 

701 

69c 

10 

710 

700 

6^ 
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Weapon 

Num'ber 

3 


QyVEI£  V  (Cont'd) 


No.  of  Ms.  Rate  of  Fire  (s-gi). 

In  Burst  Max.  Av.  Min. 

Three -round  bursts,  machine  rest 


Remarks 


3 

3 


1 

3 

3 


28 


2434  2320  2206 
2338  2319  2299 
2239  2207  2171+ 

Three -round  buiots,  muzzle  motion 


Personnel  error,  semi-automatic 
setting 


Offleiax  demonstrations. 


no  records 

Broken  extractor,  replaced 
Check  on  extractor,  shoulder  fired 
1  Case  separation) 

4  Pallures  to  eject 


Automatic  fire,  machine  rest 


10 

694 

687 

661 

10 

731 

691 

676 

10 

715 

685 

657 

3 

3 

3 


2 

3 

3 

3 


Three -round  bursts,  machine  rest 


1724  1709 
2047  2012 
1974  1913 


1694 

1976 

IB'S! 


Three-round  bursts,  muxale  motlcm 

Palled  to  load  enou^  rounds 
II  II  —  mied  to  eject  third  case 

vailed  to  e.>ct  ti.-  I  case 
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TABLE  V  (Cont'd) 

Wo  of  Rds 

Rate 

of  Fire 

''sm) 

; 

Number 

In  Burst 

Max. 

A.V. 

Min. 

Remarks 

Automatic  fire,  machine 

rest 

12 

916 

766 

686 

Low  rate  mechanism  failed  on 
first  and  last  rounds  giving 
1566  and  1538  spx 

8 

860 

741 

679 

10 

729 

684 

587 

711 

705 

696 

iiinmuiil+lon  Lot  ^002  fired  for  comparison 
Machine  rest 


2 

3 

741 

730 

719 

Failure  of  rear  sear  release 

4 

3 

1923 

1876 

1829 

Single  crimp 

3 

1993 

1946 

1899 

Double  crimp,  low  energy  on  last 

round 

3 

2040 

1788 

1542 

Double  crimp,  low  energy  on  first 

round 

4 

1714 

1677 

1608 

Set  for  full  automatic,  low  rate 

mechanism  failed 

Ainaunltlop 

Lot  650-14  fired 

for  comparison 

Machine  rest 

2 

4 

7IT 

706 

701 

3 

2190 

2174 

2158 

3 

2247 

2243 

2238 
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A  tracing  of  a  xnree-roond  b-orst  showing  the  salient  points  of  functioning 
is  snown  in  rlgure  li-. 

The  time  delay  mechanism  which  “'duces  the  rate  in  full  automatic  fire  is 
assembled  at  the  rear  of  the  selector  mechanism.  The  delay  element  is  composed 
of  a  spring  loaded  inertia  wheel  which,  when  struck  by  the  operating  rod  toward 
its  maximum  travel,  rotates  the  wheel.  The  operating  rod  is  caught  on  a  rear  sear 
and  is  released  by  the  Impact  of  a  protrusion  on  the  inertia  \dieel  as  it  returns 
and  releases  the  sf  r.  A  tracing  of  a  b’arst  in  automatic  fire  is  shown  in 
Figure  15- 

Fig’ure  16  gives  displacement  versus  time,  velocity  versus  time  and  accelera¬ 
tion  versus  time  of  a  typical  %  lo  from  a  tnree-round  burst. 

The  vertical  motion  of  the  muzzle  was  recorded  when  firing  from  the  machine 
rest  and  from  the  shoulder-elbow  position..  The  motion  of  the  muzzle  was  obtained 
when  firing  both  point  target  and  area  target  rounds.  Tracings  of  the  records 
obtained  are  shown  in  Figure  17. 
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‘  W/LOW  RATE  l«WUI8M  W) 
aircraft  ARMAMOIT,  INt  5PIW  SYSTEM 


(CONFIDENTIAL)  FIGURE  I6  DISPLACEMENT,  VELOCITY.  ACCELERATION  VS.  TIME  (U) 

AIRCRAFT  ARMAMENTS.  INC  SPIW  SYSTEM 
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The  muiioii  of  Lhe  wuviiile  was  correlated  with  the  position  of  the  round  inpaots 
on  the  target.  The  vertical  pcsttion  of  the  rounds  relative  to  the  first  round  are 
quite  similiar  to  the  direction  in  which  the  muzxle  is  pointing  at  projectile 
emergence.  However,  due  to  the  small  angles  Involved  and  other  possihle  factors 
the  vertical  distances  of  the  impacts  with  respect  to  the  first  round  are  different 
from  the  distances  calculated  by  radian  measurement  fion  muzzle  motion  assuming 
that  the  muzzle  vibrates  as  a  cantilever  beam.  The  correlation  of  muzzle  moveuK.ut 
with  tsxget  Impacts  is  shown  in  Table  VI. 
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The  impact  loading  between  operating  rod  and  buffer  was  estimated  from  the 
compression  of  the  buffer  spring  obtedned  from  the  displacement- tine  record  and 
from  the  J oad-def lection  calibration  curve  of  the  buffer  spring  shown  in  Figure  l8. 


(UNClASSIFiEO)  F»6URE  I8  LOW)-OEFL£CTION  CURVE 

SUFFER  SPRtie 

AIRCRAFT  ARMAMENT ,  INC  SPIW  SYSTEM 
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The  estimated  acceleration  forces  occuring  at  several  points  in  the  bolt 
cyf'le  are  given  as  follows- 


Accelerat 1  on 

Force 

ft/sec^ 

lbs 

Operating  rod-front  sear  Impact 

11.0  X  10^ 

780 

After  primer  lignition 

22.8  X  10^ 

- 

Impact  on  buffer 

550 

The  firing  pin  energy  for  firing  a  first  round  was  cooputed  from  the  weight 
and  the  final  velocity  measured  from  the  displacement-time  records.  The  average 
energy  measured  is  70  i  6  inch-ounces.  T'he  average  firing  pin  energy  for  other 
rounds  of  e  burst  is  iCo  1  6  inch-ounces.  No  misfired  rounds  have  been  observeu 
during  the  firings  of  ..M?  weapon  system  at  IBL. 

The  acceleration  forces  at  locking  and  chambering  of  rounda  were  not  measured 
because  the  motion  of  the  firing  pin  was  recorded  rather  than  the  motion  of  the 
bolt.  The  force  of  acceleration  at  unlocking  and  extraction  of  the  fired  case  may 
be  obtained  from  the  deceleration  shown  in  Figure  16  and  by  assuming  that  the 
friction  between  the  chamber  and  the  cartridge  case  is  zero.  This  assumption 
produces  a  minimum  force.  The  acceleration  force  at  unlocking  Is  estimated  to 
be  kkO  lbs.  The  extractor  is  also  subjected  to  the  same  acceleration  at  unlocking 
but  since  the  friction  between  the  cartridge  case  and  chamber  walls  is  unkaok.n, 
the  force  exerted  on  the  extractor  can  not  be  estimated. 

Discussion 

In  general  the  Aircraft  Armament  weapon  functioned  well.  Discussion  of  the 
component  mechanisms  follows. 

Mode  of  Fire  Selector  Mechanism.  The  selector  mechanism  is  coegx>sed  the 
trlgger,3nfepy,  sears,  three-round  counting  device,  low  rate  OAchanlsB  and 
8elect.or  swltcli  ^  shown  S-h  ''ig«r-  19.  This  involves  many  oaall  parw,  some  quite 
intricate.  This  mechanism  cun  be  removed  and  replaced  as  a  unit.  The  tnree-rouitd 
control  consists  of  a  twin  cog  escapement  operated  by  tne  operating  rud  which  allows 
three  rounds  to  be  fed  into  the  chamber.  After  the  third  round  is  fired  the  escape¬ 
ment  is  returned  to  Its  original  position  by  a  spring  if  the  trigger  la  released. 
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Following  Lliree-round  bursts  can  be  fired  only  by  releasing  the  trigger.  I'bus 
the  escai>e!!!ent  has  the  facility  of  being  indexed  for  three-round  buirst  whenever 
the  selector  switch  is  shifted  from  full  automatic  or  semi-automatic  to  a  three 
round  burst  setting. 


Hh.gure  19 «  (CONFIDEtITlAh)  lylode  of  Fire  ContzoX  MecbaolBm  (u) 


The  low  rate  mecbanlnm  is  composed  of  an  Inertia  wheel  and  clock  spring. 

When  the  opiratlng  rod  is  near  its  oaxlmuB  recoil,  it  hits  a  projection  on  the 
wheel.  The  wneel  rotates  against  the  spring  while  the  operating  rod  is  held  on 
the  rear  sear.  Upon  ret'jm,  the  inertia  wheel  releases  the  sear  allowLig  the  bolt 
to  return  to  battery  to  repeat  the  cycle.  The  rate  of  fire  is  reduced  by  this 
time -delay  mechanism  jw  over  2000  shots  per  minute  to  approximately  700  shots 

TM>r  minute.  The  time -delay  unit  does  not  always  operate,  particularly  when  hard 
extraction  produces  short  bolt  travel.  Based  on  past  performt-nce  of  the  time- 
delay  units  of  other  weapons.  Its  functioning  is  expected  to  be  erratic  and  its 
life  limited. 
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Faed  Mechanism.  The  plastic  drum  magazine  produces  a  slim  silhouette  and 
occupies  little  space  for  the  number  of  rounds  held.  However,  the  msigazines  are 
difficult  to  load  in  the  field,  have  a  variable  spring  tension  and  have  variable 
time  of  positioning  the  round  in  the  feed  throat.  In  those  instances  where 
failures  to  feed  have  occurred  it  is  believed  that  the  round  positioning  time  is 
less  then  the  time  allowed  for  positioning  by  the  bolt.  Additionally,  the  drum 
feed  tnroat  is  directly  \mder  the  breech  of  the  gun.  Ail  of  tee  carbon,  smoke 
and  oil  from  the  Oj.ied  rounds  is  fed  directly  into  the  feed  drum.  This  situal  ion 
creates  excessive  friction  in  the  magazine  and  may  have  some  effect  on  extraction 
because  of  carbon  pai'ticles  adhering  to  cartridge  cases. 

Ejector.  The  eje  -^'r  fixed  with  respect  to  the  receiver  and  should  be 
quite  positive  in  operation.  However,  .»lx  failures  to  eject  were  noted  with 
gun  No.  J.  No  definite  opinion  is  formed  as  to  the  cause  of  the  failures  to  eject. 

Extractor.  The  extractors  in  the  three  weapons  fired  appear  weak.  Severstl 
have  been  broken  and  replaced  and  several  failures  to  extract  other  than  caused  by 
a  broken  extractor  have  occurred.  Because  of  the  high  acceleration  at  case 
extraction  and  the  configuration  of  the  components  of  the  bolt,  the  extractor 
must  be  unusually  strong  to  endure. 

Chamber.  The  Aircraft  Armaments  rifle  seems  to  be  quite  aucceptlble  to  dirt 
on  the  walla  of  the  powder  chamber.  The  accumulation  of  dir'  causes  case  oepora 
tlon,  hard  extraction  and  undue  strain  on  the  extractor.  Because  of  the  short 
time  from  ignition  of  the  primer  to  beginning  of  extroctlon,  exceaaive  aaounta  of 
powder  gas  residue  are  blown  back  from  the  bore  requiring  frequent  cleaning  of  the 
powder  chamber. 

Barrel  Whip.  The  vertical  vibration  of  the  barrel  during  firing  when  held 
more  or  less,  rigidly  in  a  macnlne  rest  la  considerable.  When  firing  from  the 
snoulder-elhow  poaltion  the  ration  still  persists.  The  cosgpenst  placed 
at  the  muzzle  to  reduce  the  .endency  of  the  weapon  to  move  upward  when  fired  from 
the  shoulder,  causes  the  barrel  to  bend  and  vibrate  under  the  relatively  strong 
downward  thrust  of  the  escaping  powder  gas. 

Resuiae^ 

T.he  Aircraft  Armaments  SPIW  system  uses  a  conventionsd  drop  stock  with  the 
operating  mechanism  high  in  the  stock  and  low  sight.'  for  easy  aiming.  The  barre¬ 
ls  short  with  a  relatively  short  portion  unsupported.  The  muzzle  compensator 
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causes  excessive  bending  and  vibration  of  the  unsupported  portion  of  the  tube  when 
the  weapon  is  held  more  or  less  rigidly.  The  weapon,  because  of  i.is  primer  piston 
operation,  has  a  simple  in-line  bolt  \diich  makes  it  best  able  to  withstand  the 
high  accelerations  imposed  by  i..a  high  rate  of  fire.  The  weakest  component  of 
the  bolt  found  to  date  is  the  extractor  which  is  too  lightly  constriicted  to  with¬ 
stand  the  effects  In  extracting  cartridge  cases  which  at  times  may  be  difficult. 
The  three-round  control  system  is  a  relatively  complicated  escapement  movement 
which  may  not  have  long  endurance  qualities.  The  control  system  contains  an 
automatic  rest  to  fire  three-round  bursts  whenever  the  selector  switch  is  so  set. 
The  plastic  drum  magazine  appears  unable  at  all  bolt  velocities  to  position  the 
incoming  round  for  feeding,  either  because  of  low  spring  tension  or  accumulation 
of  dirt.  Except  for  the  th  ?i--rouna  control  system  and  the  flexible  barrel  the 
weapon  ’’■ppetu.a  sttfficlently  rugged  for  military  use. 
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(CONF.)  SPRIKSFIEID  ARMORY  SPECIAL  PURPOSE  INDIVIDUAL  WEAPON  (u) 

Description 

The  Springfield  Armory  weapon  is  ^  conventional  gas  operated  mechanism  firing 
tn.,  conventionally  primed  XMlLL  cartridge.  Tne  system  is  shown  in  Figure  20. 


Figure  20.  (COMPIDBWriAL)  Springfield  Armory  SPIW  C;fstem  (U) 


The  mam  portions  of  the  operating  mechanism  are  housed  in  the  rifle  stock  The 
weapon  is  equipped  with  u  selector  switch  enabling  it  to  fire  Bemi>autQBatically, 
controlled  bursT.8  of  three-rounds  and  fully  automatic.  The  weapon  contains  no 
rate  reducing  mechanism  and  fires  both  automatic  fire  and  controlled  thr^rc* 
round  bursts  at  the  rate  of  l>0o  -  xTpO  shots  per  minute.  A  mucxle-trilte-compensator 
is  used  to  reduce  muzzle  climb  and  dispersion.  Asmunltlon  is  fed  to  the  gun  from 
a  sixty-round  box  type  magazine  located  behind  the  pistol  grip  and  trigger  guard. 
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The  launcher  is  mounted  heneath  the  barrel  and  Is  attached  rigidly  to  the 
barrel  guard  which  is  an  integral  part  of  the  stock.  The  launcher  is  automatically 
operated  by  blow-back  and  fires  a  4uimn  area  romid  fed  from  a  three-round  box 
magazine.  Area  rounds  are  fire’  by  a  separate  trigger  located  Immediately  ahead 
of  the  rifle  trigger.  A  single  round  launcher,  designed  to  replace  the  automatic 
or  three -round  launcher,  was  also  supplied.  This  launcher  brakes  and  pivots  for 
right  hand  loading  as  shown  in  Figure  21, 


Figure  21.  (CONFIDEKTIAL)  Single  Shot  Launcher  (U) 
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The  holt  which  contains  a  splined  rotatin;  head  is  rotated  and  locked  hy  a 
pin  riding  in  a  cam  cut  into  the  holt  body.  The  moving  parts  are  shewn  in 
Figure  22.  The  holt  body  is  enclosed  in  a  bolt  carrier  which  is  an  offset  and 
an  integral  part  of  the  relatively  '  ng  operating  rod.  The  operating  rod  is 
iCtuated  by  a  short  gas  piston  which  unlocks  and  accelerates  the  rod  amd  bolt 
rearward  compressing  the  driving  spring.  At  the  rear  of  its  stroke,  a  part  of 
the  operating  rod  which  projects  rearward  roughly  along  a  line  parallel  with  the 
bottom  of  the  operating  rod  hits  a  ring  mounted  on  a  strong, coil  spring  buffer-- 
At  the  same  time  p  rt  of  the  bolt  assembly  travels  rea^vard  arid  iiigiacts  the  lower 
portion  of  the  buffer  ring.  The  drivirig  spring  becomes  the  firing  pin  spring  on 
both  the  first  T’ouad  and  succeding  rounds  of  a  curst. 


Figure  22.  (COHFIDEMTIAL)  Bolt,  Operating  and  B’iffing  Mechanism  (U) 
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Proceaui-e  and  Results 

Initially,  three  rifles  were  received  for  kinematic  analysis,  Nos.  11,  15 
and  19.  These  rifles  were  mounted  in  a  machine  rest  and  fired  to  obtain 
displacement-time  records  of  the  "derating  rod  and  the  rates  of  fire  as  shown 
in  Figure  25-  Prior  to  further  firing  these  rifles  were  replaced  with  three 
different  weapons.  Nos.  13,  Ik  and  IT-  Between  demonstrations,  two  of  these 
weapons,  Nos.  IT  and  l4,  were  fired  for  displacement-time  records  and  rates  of 
fire;  and  two.  Nos.  13  and  l4,  were  fired  both  in  a  machine  rest  and  from  the 
shoulder  to  obtF 'n  vertical  muzsle  motion,  the  effect  of  muzzle  motion  on 
dispersion,  and  the  frequency  of  the  barrel.  For  the  snoulder-elbow  position 
the  muzzle  motion  was  limited  by  vertical  and  horizontal  members  of  a  frame  for 
safety  and  the  camera  focused  as  shown  in  Figure  Pk, 


Figure  24.  (UNOLASSIFIED)  Soft  Mo'ont  for  Mizzle  Motion  Study 
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A  tracing  of  a  displacement-time  record  of  bolt  motion  obtained  from  a  three- 
I'ound  Liir&t  together  with  the  salient  points  of  Interest  occurrlug  during  a  firing 
cycle  is  shown  in  Figure  25. 

A  ;ccord  of  the  firings  accomplished  with  the  six  Springfield  weapons 
together  with  the  rates  of  fire  and  kinds  of  malfunctions  obtained  sure  given  In 
Table  VII. 

Tracings  of  the  vertical  motion  of  the  muzzle  obtained  by  pclnt  fire  ammuni¬ 
tion  from  the  machine  rest  and  from  the  shoulder-elbow  position  and  the  motion  of 
the  muzzle  from  firing  a  single  area  round  are  illustrated  In  Figure  26. 

The  vertical  position  of  the  muzzle  at  the  approximate  time  of  emergence  of 
the  projectile  wee  meiioured  and  compared  to  the  vertical  distances  of  the  impsuits 
on  the  target  using  angular  nieaatirements .  The  results  obtained  are  not  accurate 
of  the  assumed  length  of  the  vibrating  barrel,  inaccuracies  in  obtaining 
the  exact  time  of  emergence  and  the  small  angles  involved.  However,  the  order  of 
the  rounds  and  their  impact  on  the  target  closely  followed  the  position  of  the 
muzzle  at  emergence  of  the  projectile.  These  v^ues  together  with  the  frequencies 
of  the  barrel  are  given  in  Table  VIII. 

To  obtain  approximate  values  of  velocity,  acceleration  and  the  forces  involved 
during  a  firing  cycle,  a  representative  single  round  was  selected  from  the 
displacement-time  records  and  differentiated  to  obtain  velocity  and  acceleretion . 
The  results  of  differentiating  this  record  are  shewn  in  Plgiu-e  27. 

Since  the  method  of  differentiating  cannot  handle  discontinuities,  all  Impact 
fortes  were  computed  from  the  change  In  velocity  at  the  points  Interest  by  the 
tangent  mechod.  Since  the  values  of  eu:celeration  aM  acceleration  force  did  not 
always  agree,  the  values  of  Figure  27  were  used  to  estimate  the  unlocking  force 
only.  The  acceleration  forces  at  the  breech  and  bolt  sear  were  estimated  from  the 
tangent  method;  and  the  l]ia>act  force  on  the  buffer  was  estimate!  from  the  buffer 


52 


CONFIDENTIAL 


START  OF  STRIPPING 
FRONT  STACK 


CONFIDENTIAL 


ri 

-I 

-8 

-8 


-8 

-8 

-8 
•  ki 

a 

-4 

-8 


8 


-8 

-8 


[-8 

L 


i-o 


Pa, 


CONFIDENTIAL 


COKFIDENTIAL 


TABI£  VII 

(CONFIDENTIAL)  FUNCTIONIMG  DATA  (U) 


Sprl-'-^ield  Armory 
Anmunitlon:  XM1A4,  lot  WCC  6028 


Weapon 

Number 

No.  of  Rda. 

Rate  of  Fire  (i 

sp) 

In  Burat 

Max.  Av. 

Min. 

11 

Three-round  bursts ,  lutchine  rest 

3 

1661  1624 

1587 

3 

1644  1619 

1595 

3 

1646  1620 

1594 

Remarka 


Automatic  flra,  machine  r«at 


3  1632  1390  1536 
8  1655  1580  151*0 
11  1669  1611*  1581 


15 


19 


Three«round  burata,  machine  reat 


1714 

1714 

1714 

1744 

1678 

1612 

1721 

16G2 

1643 

1741 

1736 

1731 

Automatic  fire,  machine  reat 


7 

1642 

1745 

1696 

12 

1802 

1755 

1691 

11 

1782 

1725 

1597 

MafleTlno  Jam,  round  from  rear 
atack  Jaaed  between  i-outida 
In  front  atack. 


Three-round  burata,  aaphlnw  reat 


1675 

1623 

1571 

1664 

1629 

1594 

1736 

1709 

1672 

1686 

1659 

1591 

AuVviatlc  fire,  machine  reat 


12 

1655 

1612 

1577 

12 

1690 

1662 

1615 

8 

1670 

1651 

1545 

Falluze  to  feed,  over  ride. 
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TABI£  VII  (Cont'd) 


Weapon 

Number 


14 


17 


No.  of  Rds. 
In  Burst 


5 

3 

6 

5 


3 

9 

11 


5 

5 

3 

3 

a 


Rate  of  Fire  (spm)_ 
Mftv.  Ay7 Min. 


Remarks 


Three-round  bursts,  machine  rest 


1824  i708  1592 

1646  1632  1619 

1709  1679  1-6*^ 

1705  1640  1580 

1717  1641  1583 


Foiled  to  eject  third  case. 
Select"”  failed,  failure  45 
over  ride . 

Selector  failed,  failure  to  feed, 
over  ride. 

Falluia  to  feed,  over  ride. 


.*■.  :;matic  fire,  machine  reet 


Failure  to  feed,  12  O'clock  stub. 
'■  ■■  1.  Failure  to  feed,  12  O'clock  stub. 

Haflp«<«*  replaced. 

1782  1690  1613 


Three-round  burete,  machine  reet 


1719  1637  1556 
1724  1658  1591 
1685  1657  1630 
175k  1662  1579 


Failure  to  feed,  over  ride. 


Autoi»tlc  fire,  machine  reet 


16 

8 


1724  1626  1550 
1685  1606  1562 
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spring  compression  carefully  measured  from  the  displacement-time  record  and  the 
^-alibrution  of  the  Puffer  '■•prlng.  The  calibration  of  the  spring  is  shown  in 
Figure  28. 


(UNCLASSIFIED)  figure  28  LOAD  -  DEFLECTION  CURVE 

BUFFER  ASSEMBLY 
SPRINOFIELO  ARMORY  SPIW  SYSTEM 

Ihe  estimated  forces  are  given  as  follows: 


Acceleration 

Force 

ft/sec^ 

Bolt  -  rreecn  impact 

9.0  X  10^ 

1540 

jptrjtiug  Rod  -  sear  impact 

k 

t.i  X  10 

1690 

Force  at  unlochins 

2.5  X  10^ 

460 

Bolt  -  rear  1  offer  Impact 

1.9  X  10^ 

570 
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The  above  forces  were  estimted  mainly  to  determine  the  order  of  the  forces  some 
components  of  the  bolt  are  subjected  to  and  to  form  some  indication  of  their  life 
expectency. 

The  average  firing  pin  energy  for  first  round  firing  is  64  t  4  inch-ounces. 

Ko  misfired  rounds  were  observed  during  this  study. 

Discussion 

In  general,  tne  Springfield  SPIW  system  appears  well  designed  and,  for  a 
prototype  weapon,  its  operation  is  quite  good.  However,  there  are  some  components 
whlcn  require  some  revision  for  positive  operation  or  for  increased  life.  These 
components  are  discussed  as  follows:; 

The  Three-Round  Control  Svs‘'?m.  Thu  selector  mechanism  is  shown  in  figure  29. 
The  system  Is  operated  ny  an  arm  riding  in  a  cam  slot  milled  into  the  side  of  the 
operating  roc.  The  arm  ronai-^q  the  control  wheel  containing  six  pins  or  studs 
set  at  Intervals  of  60°  around  the  control  wheel.  An  escapement  prevents  more 
than  60°  rotation  per  round.  After  three  ro’mds  the  control  wheel  disengages 
a  link  allowing  the  bolt  to  catch  on  the  sear.  Successive  bursts  may  be  fired 
by  releasing, then  pulling  the  trigger.  The  system  contains  no  automatic  indexing 
system  and  thus  may  fire  only  one  or  two  ro'jnds  when  a  three-round  burst  is 


Figure  29.  (CONFIDENTIAL)  Mode  of  Fire  Control  Hechanism  (U) 
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first  selected.  For  an  undetermined  reason,  one  gun,  No.  l4,  twice  fired  full 
automatic  with  the  selector  switch  set  for  three-round  bursts.  For  semi¬ 
automatic  lire  one  control  wneel  disengages  the  sear  link  with  the  firing  of 
each  round. 

The  Box  Feed  Mechanism.  A  rectangular  box  magazine  is  used  in  the  weapon. 

The  magazine  contains  tandem  stacks  of  cartridges  fed  upward  by  saw  tooth  springs 
of  low  stress.  Feeding  initially  is  from  the  forward  compartment.  Sim'ultaneously 
with  feeding  of  the  last  round  in  the  forward  compartment,  a  pawl  attached  rc  '^he 
'"ear  of  the  bc-t  moves  e.  round  from  the  rear  stack  Jr.to  the  front  compartment. 

This  action  continues  until  the  magazine  is  empty  at  which  time  the  operating  rod 
is  held  to  the  rear  by  a  sear  activated  by  the  magazine.  When  feeding  from  the 
front  compartment,  at  lee.  i  -ne  round  must  be  in  the  rear  compartment.  The  rear 
sesiT'  eein  fail  allowing  the  feed  pawl  to  catch  on  the  top  of  the  magazine  thus 
stopping  the  gun,  damaging  the  magazine  housing  or  breaking  the  feed  pawl. 

Several  instances  of  failures  to  feed  occurred  ending  either  with  an  empty 
chamber,  an  over-ride  or  a  12  o'clock  jam.  It  ia  believed  that  when  Just  a 
few  rounds  are  in  the  front  compartment,  the  spring  force  is  too  low  for 
positioning  of  the  round  in  the  time  allotted  by  the  bolt.  A  stoppage  occurred 
when  a  round  from  the  rear  compartment  was  carried  forward  by  the  feed  pawl  and 
Jamed  between  the  two  top  rounds  in  tne  front  compartment. 

The  Ejector.  The  ejector  Is  a  spring  loaded  plunger  projecting  through  thu 
face  of  the  bolt  opposite  to  the  extractor.  When  tne  fired  cartridge  case  or 
complete  round  clears  the  chamber,  the  plunger  la  pushed  forward  by  its  relatively 
heavy  spring  pivoting  the  case  around  the  extractor  lip.  One  failure  to  completely 
eject  the  fJred  case  was  observed  on  weapon  No.  14. 

barrel  Vibration.  The  vibration  of  the  barrel  is  caused  almost  entirely  oy 
the  escape  of  propellant  gas  from  the  top  series  of  hoies  drilled  in  the  compen-sa- 
tor.  It  is  much  more  pronounced  when  the  rifle  is  mounted  in  the  machine  rest 
but  is  noticeable  when  ftom  a  shoulder-elbow  rcs^-  position.  31nce  the 

Springfield  bi-pod  attaches  to  the  receiver  and  not  the  barrel,  dispersion  re.sult- 
ing  from  •  ibration  could  be  excessive  in  t.he  prone  bi-pod  nosition. 
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The  Charging  Handle.  The  charging  handle  is  assembled  in  a  T-slot  milled  in  the 
for’./ard  end  of  the  operating  rod  and  is  neld  in  position  by  a  plunger  which  meshes 
into  a  hole  drilled  vertically  into  the  slot.  The  plunger  is  restrained  from 
lifting  by  a  spring  loaded  detent.  When  the  operating  rod  hits  the  buffer  the 
flexural  force  created  pons  the  plunger  free  of  the  hole.  When  the  bolt  hits  the 
breech,  the  handle  flies  forward  and  is  ejected  from  the  operating  rod.  This 
mibaligned  buffir.g  force  has  also  resulted  in  cracked  operating  rods. 

The  Automat ir  Area  Round  Launcher  Single  rounds  followed  by  two  dummy 
rounds  were  loaded.  Several  misfired  rounds  were  obtained  because  of  a  stuck 
firing  pin.  The  energy  contained  in  the  hammer  and  hammer  spring  appears  quite 
lo.(.  The  box  magazine  wa^’  awkward  and  difficult  insert  in  the  lauiicher  because 
of  e  lack  of  some  poPi-j.ve  simple  means  of  holding  the  rounds  in  the  magazine. 


/ 

Resume 

The  Springfield  SPIW  system  has  a  "Bull  l?up"  appearance  with  a  straight 
stock  and  high  sights  which  make  accurate  aiming  somewhat  difficult.  The  balance 
is  good  because  the  bulk  of  the  mechanism  la  aaaembled  in  the  butt  stock  and 
because  of  the  location  of  the  launcher.  The  barrel  is  relatively  long  with  a 
considerable  portion  unsupported.  The  muzzle  fixture,  a  combination  flash  hider, 
muzzle  brake  and  compensator,  together  with  the  gas  operating  system  produce 
excessive  bending  and  vibration  of  the  barrel.  The  buffing  forces  are  not  proper¬ 
ly  applied  to  the  moving  parts.  Cracked  operating  rods,  broken  extractors  and 
broken  plastic  triggers  have  occurred.  Failures  in  aoite  coaponenta  of  the  proto¬ 
type  weapons  ar^  expected  but  can  be  corrected  by  minor  design  chaitgaa.  The 
three-ro'und  control  scc.hanism  because  of  its  cam  control  should  be  safe  and  positive 
in  operation.  The  control  mechanism  docc  not  contain  an  automatic  three-round 
reset.  Tue  tandem  magazine  has  conciderable  advantage  over  the  drum  magazines 
even  ohough  it  not  fully  developed.  In  general,  the  wearon  is  we*_  leslgned 
and  appears  to  have  sufficient  ruggedness  for  military  use.  In  view  of  the 
observations  made  durl  ig  the  investigation  of  the  Springfield  SPIW  system,  the 
following  is  suggested: 
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1.  Investigate  and  revise  the  three-round  control  system  to  eliminate  any 
cnance  ox  xujlx  auuoiiiauxo  xxjTc  thxo  s  stting  or  full  automatic  fire  if  breakage 
occurs  in  the  control  system. 

2.  Investigate  and  revise  the  box  magazine  and  feeding  pawl  to  prevent 
interference  between  pawl  and  magazine  or  pawl  and  round.  Also  increase  the 
spring  tension  to  decrease  the  positioning  time  of  the  round  to  well  below  the 
time  allotted  by  the  bolt. 

5.  Further  Investigate  the  functioning  of  the  ejection  system. 

Strengthen  or  revise  the  extractor  to  eliminate  breakage. 

5.  Redesign  the  box  f-. for  the  area  roonu  to  ease  loading. 

o.  Spread  the  buffing  load  over  a  greater  area  of  the  operating  rod-bolt 
carrier  combination  so  that  tn’'  motion  is  more  directly  opposed. 
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(COIfFIDENTIAL)  WINCHESTER  SPECIAL  PURPOSE  INDIVIDUAL  WEAPON  (U) 

(OLK  MATHIESON  CHEMICAL  CORP.) 

Description 

The  ’Winchester  weapion  system  is  snovm  in  Figure  50*  The  weapon  is  gas 
operated  end  employs  a  floating  harrel-receiver  system,  which  has  erroneously 
teen  called  a  soft  recoil  system.  The  rifle  stock  is  conventional  hut  because 
tne  mechanism  is  assembled  low  in  the  stock  it  contains  some  of  the  features  smd 
advantages  of  the  in-line  stock  together  with  tne  appear anee  cf  lower  resu*  and 
front  lights.  Aiimui.^tion  is  fed  to  the  weapon  from  a  plastic  60-ro’md  drum 
magazine  located  just  ahead  of  the  trigger. 


Figure  JO.  (CONFIDENTIAL)  Winchester  SPIW  System  (u) 
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The  use  of  the  floating  barrel-receiver-stationary  feed  system  requires  a 
longer  bolt  travel  relative  to  tne  barrel  to  compensate  for  the  motion  and 
position  of  tne  barrel  at  begiuniug  of  stripping  of  the  round  from  the  magazine. 
The  internal  parts  are  shown  in  T^'igure  51.  The  power  for  bolt  recoil  is  obtained 
from  a  short  gas  piston  which  impinges  on  the  operating  rod.  The  operating  rod 
has  a  lateral  extension  which  ser'yes  as  a  camming  pin  for  locking  and  unlocking 
the  bolt  and  which  is  connected  to  the  firing  pin  to  complete  the  firing  pin 
assembly.'  'rne  driving  spring  has  three  functions:,  to  retard  the  recoil  of  the 
bolt  and  return  it  to  oattery,  as  a  recoil  spririg  for  the  barrel  and  receiver 
during  unlocking  and  as  a  dubious  aid  of  the  firing  pin  booster  spring.  A 
ratchet-spring  friction  device,  located  toward  the  nuzzle  and  attached  between 
the  stock  and  barrel,  operates  in  conjunction  with  the  driving  spring  to  limit 
the  motion  of  the  '.„*Aei  and  receiver.  The  movement  of  the  beurrel  is  influenced 
by  friction  in  the  cyztem,  by  the  recoil  and  firing  pin  booster  springs  by  the 
cantilever  spring  ejector,  by  the  muzzle  device  and  by  the  gas  action  between 
barrel  and  onerating  rod. 


Figure  31.  (CONFIPKNTIAL)  Barrel,  Bolt  and  Operating  Mechanism  (U) 
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L’.ic  barrel  ia  equipped  with  a  combination  muzzle  brake,  flash  hider  and 
M-iuDor  retainer.  The  muzzle  and  device  are  shown  in  Figure  y .  The  device 
be  unscrewed  by  hand  for  stripper  change.  Threads  for  this  are  at  the 
muzzle.  'Die  last  two  Inches  of  the  bai-rel  is  perforated  to  vent  gases  into  the 
re’u'ward  portion  of  the  muzz.le  device  to  provide  braking.  Gases  which  are  not 
vented  pass  through  the  stripper  and  engage  canted  portions  of  the  flash  hider 
vanes  and  thus  tend  to  keep  the  muzzle  device  screwed  on.  The  perforations  in 
bile  barrel  reduce  the  length  which  is  effective  for  attaining  the  desired  muzzle 
ve Loci  by . 


Figure  52.  (confidential)  Muzzle,  Stripper  and  Muzzle  Brake  -  Flash  Elder  (U) 


The  rlf a.e  is  fired  from  a  front  sear  for  sem''  -automatic  fire  and  controlled 
three-round  burate.  A  rear  cenr  is  used  for  full  automatic  fire  excep''  ‘hat  for 
the  first  round  either  the  front  or  rear  sear  may  be  used.  Charging  the  weapon 
is  safe  when  the  selector  is  set  for  seml-or  full  automatic,  however  if  the 
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!.hi-^-t--i-ound  counter  wheel  is  not  Indexed  the  weapon  will  fire  upon  changing. 
iJils  IS  avoided  by  cycling  the  mechanism  by  hand  before  charging  until  the  wheel 
IS  indexed.  The  selector  switch  is  nox  positive,  allowitig  the  indication  of  a 
semi-automatic  setting  while  th '  selector  is  actuedly  set  for  three-round  bursts. 

The  area  launcher  is  located  near  the  muzzle  Eind  feeds  the  second  third 
rounds  automatically  from  pods  located  on  the  right  and  left  hand  sides  of  the 
launcher.  The  launcher  has  a  "forward  recoiling"  barrel  to  limit  the  length  of 
the  launcher  and  to  operate  the  feeding  mechanism.  The  launcher  is  attached  to 
the  forward  enu  of  the  plastic  stock.  Since  the  forward  section  of  the  stock  is 
weak  in  torsion,  the  scock  can  easily  be  damaged  by  the  unbalanced  twisting„actlon 
of  the  launcher  in  firing,  further  resulting  in  extremely  poor  accuracy. 

Procedure  and  Resv.'!  ts 

The  weapons  were  mounted  in  a  machine  rest  as  shown  in  Figure  33*  The  soft 
rubber  butt  pad  and  pieces  of  neoprene  rubber  served  to  absorb  the  recoil  forces 
with  only  a  small  recoil  movement. 


Figure  33 •  (UNCLASSIFIED)  Mount  for  Bolt  Motion  Study 
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Displacement-time  records  of  the  operating  rod  and  harrel  movement  were 
obtained  from  rifles,  Nos.  1,  5  and  9,  vrtien  firing  controlled  three-round  bursts 
end  bursts  in  full  automatic  fire.  The  conditions  of  firing  and  the  malfunctions 
obtained  are  given  in  Table  DC. 

The  average  rates  of  fire  obtained  from  each  gun  when  mounted  In  the  machine 
rest  are  given  in  Table  X. 

The  malfuncticuu  listed  in  Table  DC  are  commonly  observed  In  automatic  weapon 
firings.  The  cause  or  causes  for  the  excessive  number  of  malf'.vcctions  obtained 
throughout  the  flrlr...  of  the  three  Winchester  'weapons  arc  explained  with  tlie 
explanations  based  largely  on  the  data  obtained  and  on  observations  made  at  each 
raiJure.  As  an  aid  in  the  explanations,  two  tracings  of  the  operating  rod  and 
barrel  motion  as  a  function  of  ti  obtained  from  weapon  No.  3  prior  to  and  after 
factory  r»vi.slcn,  ai-e  shown  In  Figures  34  and  35. 

The  operating  iHod  and  barrel  motion  of  Figure  3^  was  obtained  by  firing 
tliree-rounds  In  full  automatic  fire  using  the  front  sear  since  the  weapon  at  this 
time  was  incapable  of  firing  controlled  three-round  bursts.  The  second  tracing 
was  obtained  from  a  controlled  three-round  buret  after  the  weapon  had  been 
reconditioned  and  returned  from  the  factory. 

The  explanation  of  each  kind  of  malTunctloa  obi  irved  la  ea  foUowe: 

Failures  to  Feed.  Three  kinds  of  feeding  failures  were  observed:  a  coeplete 
failure  to  strip  the  round  from  the  magaitne  throat  ending  wi^l)  nn  e^ty  chamber, 
a  partial  stripping  and  over  ride  ending  with  the  bolt  Jeamed  agelast  an 
indented  and  sheared  section  of  the  cartridge  forward  of  the  ;proove  and  last, 
the  nose  of  the  projectile  Jeaeed  a^dnst  the  barrel  of  the  12  O'clock  position 
with  the  bolt  open  and  resting  against  the  base  of  the  caee.  As  shown  la  either 
Figure  3U  or  35,  tiie  ooxt  is  underpowered  and  Its  recoil  cycle  is  ahort  of  the 
rear  sear  position.  Also  to  be  noted  ie  the  difference  In  time  allowed  for  the 
Incoming  round  to  attain  feeding  position  after  being  uncovered  by  the  b  it.  It 
will  also  be  noted  that  the  p(.>»]tloa  of  the  barrel-receiver  esasnbl^  varies  with 
respect  to  the  bolt  face.  Since  the  magazine  is  fixed  and  the  distance  the  round 
must  travel  varies,  the  feeding  path  of  the  round  varies. 
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WBLE  IX 

(C0:i!;-Il!ErrrL4L)  TSTJKCnOIIING  Dm  (U) 


Winchester  Spec;""'  Purpose  Individual  Weapon  System 


Ammunition;  XM144,  Lot  WCC  6028 


Weapon  Rds . 


Number  i’lred 

Condition 

Malfunctions 

1  33 

Machine  rest  controlled 
3-rii.  bursts  and 
automatic  fire 

L-Failures  to  feed,  over  rides  (short 
holt  travel) 

lO-Failures  to  feed,  12  o'cloeh  jams 
2-Pailuree  to  feed,  gas  cylinder 
unscvewei 

1- Failure  to  extract 

2- Feilurei  to  extract 

1- Failure  to  eject 

2- Control  counter  vheel  failures 
2-Mlsflred 

15 

Shoulder  fired 

44fl8flres,  1  round  deeply  indented  at 
charging  on  seml-autonatlc;  sear 
surface  vom  and  rounded. 

Lb 

Sds.  Plredi  total 

2b  Malfunctions,  total 

3  147 

Nachlne  rest  controlled 
3«rd.  burets  and 
automatic  fire 

lO-Failures  to  feed,  12  o'cloex  oaou. 
13-Fallures  U>  feed  with  empty  citamber 
L-Failurea  to  feed,  over  rides 

2- Failures  to  extract 

3- I%ilures  to  eject 

4- Oontrol  counter  vheel  failures 
9-Failures  to  fire  first  round 
4-Fallures  to  fire  succeeding  rounds 

TIT  Dda.  Plr6d,  total  49  Nalhin^ioMi  total 
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TABLE  DC  (Cont'd) 


Weapon  Eds . 

Number  Fired  Condition  Malfunctlona 


9 


4l  Machine  rest  controlled 
3-rd.  bursts  ant., 
automatic  fire 


6  Shoulder  fire 
Tt  Rdsi  Fired,  total 


6-Pailure8  to  feed,  12  o'clock  jams 

1-Fallure  to  feed  with  empty  chamber 
It-Pallures  to  feed,  over  rides 

1-Pailure  to  extract 
1-Pailure  to  eject 

1- Failure  of  3”rd.  control  counter  wheel 

2- Fallures  to  fire  first  round 

16  Malfunctions,  total 


3 


After  reconditioning  at 
factory 

17  Machine  rest.-  .ocoil 

retarded  by  hand,  float¬ 
ing  barrel,  automatic 
fire  and  j-ra.  bursts 

1  Barrel  locked  forward 

9  Barrel  travel  limited  to 

approximately  l/2  travel 

23  Machine  rest  bui’sts 

and  automatic  fire 


1-Fallure  to  fire  first  round 

1-Failure  to  feed,  12  o'clock  Jam 

1- Failure  to  feed,  over  ride 

2- Failure8  to  extract 
2-^ilure8  to  fire  first  round 


23  Spring-ratchet  friction 
element  disconnected 


1- Failure  to  feed,  over  ride 

2- Failure8  to  fire  first  round 

1  Light  struck  pruaer  on  second  rd.,  bolt 
stopped  forward  of  sear  position, 
barrel  recoiled  to  meet  bolt. 


19  Cord  pendulum  mount, 
floating  barrel 

33  Barrel  travel  limited  to 
approximately  O.30 

06  3-wire  per.dulum,  locked 
and  floating  barrel 


11^  Shoulder  firing,  3'*rd. 
bursts,  locked  and 
floating  barrel 

355  Rds.  Fired,  total 


3-Failures  to  feed,  12  o'clock  Jam 

3-Failures  to  fire  first  round 

^-Failures  to  fire  first  round 


1 -Failure  to  feed,  22  o'clo  k  Jam 

1- Failure  to  eject 

2- Fallures  to  extract 

2-Failures  to  feed,  over  ride 
^-Failures  to  fire  first  '^>und 
2-Failures  to  eject 
1-Failure  to  extract 

|6  Malfunctions,  total 


70 


CONFIDENTIAL 


CONFIDENTIAL 


TABIE  X 

(CONFIDENTIAL)  BATES  OF  FIEE,  MACHINE  REST  (U) 

WINCHESTER  SPECIAL  PURPOSE  INDIVIDUAL  WEAPON  SYSTEM 
AMMUNITION;  XM  LOT  WCC  6028 


Three-roond  bursts  Automatic  Fire 


Wcsiwn 

(spn) 

No.  of  Rds. 

(sub) 

Niunber 

Max 

Av 

Min 

Tired 

Max 

Av 

Min 

1 

b53 

643 

653 

3 

721 

718 

715 

656 

648 

61:0 

6 

734 

704 

686 

660 

652 

643 

3 

679 

657 

634 

12 

786 

734 

638 

785 

629 

573 

15 

817 

790 

775 

661 

631 

600 

8 

866 

830 

788 

12 

784 

734 

639 

9 

641 

640 

638 

3 

765 

745 

727 

629 

627 

625 

4 

729 

695 

642 

640 

632 

623 

9 

740 

717 
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Returning  to  the  three  kinds  of  malfunctions,  the  first  two  mentioned  are 
caused  by  insufficient  time  for  positioning  the  round  to  be  fed.  The  positioning 
time  is  a  luucliou  of  bolt  recoil  distance  and  friction  in  the  mgazine.  The 
third  feeding  malfunction  is  caused  bv  the  variable  distance  between  bolt  face 
and  breech  with  insufficient  round  guidance  to  obtain  positive  feeding.  In  general, 
it  is  suspected  that  the  nose  of  the  round  dropped,  hit  the  breech  or  portion  of 
plastic  stock  and  was  deflected  upward  to  stub  at  the  12  O'clock  position. 

A  total  of  63  failures  to  feed  were  observed  In  the  firing  of  5*^  rounds. 
Approximately  501^  (l  malfunctions)  are  chargeable  to  the  low  force  provided  by  the 
magazine  for  positioning  the  rounds  and  50^  (32  malfunctions)  chargeable  to  the 
varying  feeding  path. 

Failure  to  Extract.  In  geucAui,  failures  to  extract  are  caused  by  the 
extractor  losing  its  grin  on  the  cetrtridge  case.  The  extractor  spring  of  the 
Winchester  rifle  is  rfeak  and  poorly  designed.  However,  what  appeared  to  be  a 
fali'ore  to  extract  occured  which  actually  involved  short  bolt  travel  coupled 
with  almost  maximum  barrel-receiver  travel  and  lack  of  ejector  impact. 

Failure  to  Eject.  In  general,  failures  to  eject  have  been  caused  by  the 
fired  case  hitting  the  rear  of  the  ejection  port  and  bouncing  back  into  the  path 
of  the  bolt.  It  is  quite  possible  that  the  variable  relative  position  between 
barrel-receiver  and  bolt  could  cause  a  lighter  ejector  impact  than  was  required 
“o  rotate  the  case  out  of  the  path  bolt. 

Failure  of  the  Three-Round  Control  System.  When  set  for  controlled  three- 
round  bursts,  a  lever  is  lifted  froB  a  notch  cut  into  the  control  wheel  enabling 
the  wheel  to  rotate.  When  the  first  round  is  fired,  a  spring  loaded  pawl  contained 
in  the  operating  rod  hits  one  of  three  studs  on  the  control  wheel  and  rotates  it 
120^.  The  wheel  is  restrained  in  this  position  by  a  spring  riding  on  a  triangular 
cam  milled  on  the  hub  of  the  control  wheel  and  by  a  projection  on  the  pawl  ^ich 
extends  forward.  After  rotating  the  wheel  into  uhe  second^round  posltlu-;,  the  bolt 
and  operating  rod  continue  re..oAiing  until  all  energy  is  absorbed  by  the  driving 
spring  and  the  spring  in  the  operating  rod.  Thus  the  pawl-operating  rod  spring 
becomes  another  recoil  spring  In  automatic  fire,  the  control  wheel  is  locked 
against  rotating  and  the  operating  rod  spring  is  comparessed  an  additional  0.4  inch. 
In  this  manner  the  bolt  recoil  distance  is  shorter  and  the  rate  of  fire  higher. 
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The  coatrol  wheel  soon  became  loose  because  of  Its  poor  bearing  structuire, 
the  cam  control  spring  became  displaced  and  the  wheel  stuck  .allowing  the  gun  to 
fire  automatically  without  control.  After  replacement  of  the  wheel  and  providing 
more  positive  bearing  support  he  operation  of  the  three-round  control  system  was 
much  inpraved,  but  did  not  eliminate  the  hazard  of  firing  one  or  two  I'O'mds  upon 
charging  when  not  properly  indexed. 

Failures  to  Fire.  Misfired  rounds  on  the  first  round  of  a  burst  or  single 
shot  are  ciused  by  a  series  of  events  which  contribute  to  the  low  energy  dci  '^ered 
to  the  primes  by  the  firing  pin.  The  firing  pin  spring  is  composed  of  the  driving 
spring  which  rests  on  an  extension  of  the  firing  pin  and  the  booster  spring  which 
is  contained  in  the  bolt  body.  When  released  the  firing  pin  starts  forward 
partially  unloading  th?  ■t..i:lal  force  of  the  driving  spring  and  since  the  booster 
spring  is  stronger  than  the  driving  spring  and  bears  against  both  the  firing  pin 
and  against  the  barrel-receiver  through  the  bolt  lock,  the  booster  spring  drives 
the  receiver-barrel-bolt  assembly  rearward  as  shown  in  either  Figure  3*+  or  35. 

The  energy  of  the  firing  pin  was  calculated  by  the  tangent  method  from  the 
velocity  of  both  the  firing  pin  and  barrel-receiver  at  the  point  primer  Impact. 
The  energy  delivered  to  the  primer  obtained  in  this  method  varies  from  35  to  60 
Inch-ounces.  Both  fired  and  misfired  primers  have  been  observed  within  this 
range  of  energy.  It  has  been  established  at  other  agencies  that  tlie  energy  for 
lOOjt  firing  is  48  inch-ounces. 

Several  instances  of  very  light  struck  primers  occun'cd  later  than  the  first 
round.  In  this  instance  the  firing  pin  stopped  forward  of  the  front  sear  position 
and  met  the  barrel-receiver  as  it  drifted  rearward.  The  ensuing  impact  on  the 
primer  was  ,ery  light.  Normally  the  energy  for  primer  ignition  when  firing  from 
the  rear  sear,  or  in  rounds  other  than  the  first,  is  more  than  twice  that  required 
for  100^  firing.  Misfired  rounds  have  accounted  for  approximately  305(  of  the 
total  malfunctions,  second  only  to  the  feeding  malfunctions. 

Following  the  first  phase  of  the  evaluation,  the  three  guns  were  returned  to 
the  factory  for  parts  replacement  and  general  inspection.  While  there,  a  clearance 
was  grouztd  on  the  stock  lamedlately  below  the  breech  at  the  6  O'clock  position  to 
eliminate  the  stubbing  of  rounds.  The  firing  pin  booster  springs  and  extract.or 
springs  were  replaced,  the  control  wheel  revised  and  all  parts  smoothed  up  and 
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thoroughly  inspected.  One  gun,  No.  5,  was  returned  to  the  Ballistics  Research 
Laboratories.  This  gun  was  again  fired  for  holt  and  harrel-receiver  aotionf  and 
fired  froiu  pendulum  mounts  and  from  the  shoulder  to  determine  the  advantage  of  the 
floating-barrel  principle.  The  malfunctions  per  round  during  these  firings  of 
gun  No.5^  dropped  from  approximately  355^  previous  to  revision  to  approximately 
12^  after  revision.  A  typical  displacement-time  record  was  differentiated  to 
obtain  the  velocities  and  accelerations  occurring  during  the  operating  rod  cycle. 

A  plot  of  the  reoults  so  obtained  are  shown  in  Figure  36. 

The  velocities  as  indicated  in  Figure  56  are  suhstentlally  the  same  as  those 
for  the  same  round  calculated  by  the  tangent  method.  However  the  accelerations 
either  are  almost  totally  missing  or  are  rela+lvely  below  those  cslculsted  by 
other  methods.  For  example,  the  acceleration  at  impact  of  the  operating  rod  in 
t-’ttery  is  pmctlrpiiy  uon-exlstant.  The  lack  of  acceleration  at  rapid  changes 
in  velocity  from  negative  to  positive  direction  are  the  result  of  the  differentia¬ 
tion  formula  which  is  better  adapted  for  more  gradual  changes  in  velocity  with 
respect  to  time. 

By  using  the  tangent  method  and  estimating  the  time  between  the  points  of 
tangency,  the  accelerations  and  acceleration  forces  are  estimated  as  follows; 

Acceleration  Force 

ft/ sec^  lbs 

Impact  of  Bolt  on  B^reech  36. 3  x  10^  550 

Unlocking  Acceleration  21.0  x  10^ 

The  force  exerted  on  the  bolt  components  when  ricked  up  and  accelerated 
rearward  by  the  operating  rod  is  difficult  to  estimate  since  the  frictional  force 
between  the  cartridge  case  and  chamber  Is  jnost  difficult  to  estimate.  However, 
since  the  camming  of,  holt  is  almost  Instantaneous,  the  acceleration  should  he  quite 
large.  The  life  the  extractor  which  must  bear  the  acceleration  fore.,  ’.s 
dependent  to  a  large  degree  on  the  force  required  to  extract  the  fired  case  in  an 
extremely  short  time. 
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The  rsoEentum  (FT  =  MF)  transmitted  from  the  stock  to  the  sho'ilder  in  a  large 
measure  determines  the  rise  of  the  muzzle  and  consequent  dispersion  of  the  weapon. 
The  total  momentum,  minus  that  produced  by  the  effects  of  bore  friction,  the 
effects  at  the  muzzle  and  the  frictlua  in  the  mechanism,  is  transmitted  to  the 
Siioulder  by  the  driving  spring  in  parallel  with  the  operating  rod  spring  after 
the  control  wheel  is  contacted  and  through  friction  of  the  barrel  slides  and  the 
ratchet  friction  element  between  the  barrel  and  forward  section  of  the  stock. 

The  advantage  of  a  floating  barrel  consists  of  having  the  momentum  developed  duriag 
the  period  the  bolt  '.s  locked,  not  delivered  directly  to  the  stock  but,  delivered 
through  the  recoil  springs  to  the  stock  along  with  the  remalader  of  the  momentum 
developed.  This  delays  the  attainment  of  the  usual  levels  of  velocity  of  the  stock 
and  thus  results  in  less  disple-’'  ■■cat  in  a  given  period  of  time.  However,  if  upon 
but  return-tc-oatuery  of  the  bolt,  the  barrel  is  not  attached  to  the  stock,  the 
full  advantage  of  the  forward  impact  is  lost.  This  forward  Impact  Imparts  a 
quantity  of  forward  momentum  equal  to  about  half  of  that  laiparted  through  the 
recoil  spring  to  the  stock  by  the  bolt.  The  displacement  reached  by  the  stocK, 
at  the  time  the  next  projectile  leaves  the  muzzle,  could  be  as  great  as  that  of  a 
weapon  with  a  fixed  barrel. 
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As  a  check  on  the  advantage  of  the  floating  barrel,  the  Vinchester  weapon 
was  suspended  by  parallel  pairs  of  strings  as  shown  in  Figxjre  57  •  It  was  fired 
with  the  barrel  floating  and  with  the  barrel  locked  to  the  stock. 


Figure  37-  (tlNCLASSIFIED)  Weapon  Suspended  by  Strings  for  Free  Recoil  Study 


A  drum  camera  was  focused  on  reflectors  mounted  on  the  operating  rod  handle 
and  on  the  stock  so  that  displacement-time  records  could  be  obtained  of  the 
cycling  of  the  mechaaisin  and  the  displacement  of  the  stock  in  three-round  biirsts. 

A  solenoid  was  attached  to  the  butt  so  that  the  trigger  could  be  pulled  without 
Impartiiig  a  net  momentum  to  the  system  and  a  weight  of  six  pounds  was  attached  to 
the  fore-PTip  ■'•o  rough.!  y  represent  the  mass  of  the  man  ir  such  syt,  js.  To  look 
the  barrel  to  the  stock,  Lushings  were  put  on  the  barrel  between  the  muztle  device, 
front  barrel  slide  and  the  gas  port  assembly.  These  bushings  held  the  barrel  0.4 
inch  reauvard  of  the  nornol  position  to  make  feeding  of  rc  mds  pceslble.  Three 
three-round  bursts  were  fired  for  each  of  the  two  conditions.  Displacement - 
time  records  from  the  two  conditions  su-e  superimposed  in  Figure  3O. 
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(CwriDEMiiAU  FIGURE  38  FREE  RECOIL  DISPLACEMENT  VS  TIME  <U' 

WINCHESTER  SPIW  SYSTEM 
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To  oorrolioi’ate  these  resvilts,  and  to  remove  sny  riouht  coaceming  the  real!  v 
of  the  test  conditions,  the  wea>o»j  was  hand  held  and  fired  in  the  standing 
position  with  and  without  the  barrel  locked.  Two  stances  were  used,  the  standard 
off-hand  (loo  ^e)  and  the  combat  (tight).  The  firer  was  a  laatch  cong?etitor  chosen 
for  his  ability  to  reproduce  his  stance  and  thereby  his  burst  target  patterns. 
Three  or  more  bursts  of  three  rounds  were  fired  for  each  of  the  four  conditions . 
The  average  o*  the  results  of  the  loose  shoo  Ling  is  shown  in  l‘'igure  59  of  the 
tight  shooting  in  Fig\ire  i*0. 
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(CONFIDENTIAL)  FIGURE  39  AVERAGE  TARGET  RATTERNS  (U) 

WINCHESTER  SPIW  SYSTEM 
3  ROUND  BURSTS  LOOSE  SHOOnNG 

L-  LOCKED  BARREL  P-FLOATMO  BARREL 
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(CONFIDENriAU  FIGURE  40  AVERAGE  TARGET  MTTERNS  (U) 

WIICHESTER  SPIW  SYSTEM 
3  ROUND  aURSTS  TIGHT  SHOOTMO 

L- LOCKED  BARREL  F>FLOATINO  BARREL 
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In  toth  the  loose  and  tight  stances  there  is  no  signiflcient  difference 
between  having  the  Winchester  barrel  locked  or  floating. 

Resume^ 

The  Winchester  SPIW  system  has  a  conventional  appearance  with  drop  stock  and 
low  sights  for  easy  aiming,  but  is  muzzle  heavy  because  the  eu^ea  round  launcher 
is  located  near  the  muzzle.  The  floating  barrel  principle  offers  no  advantage 
over  the  same  weapon  having  a  fixed  barrel  with  a  muzzle  brake  flash  hider 
attacljjient .  Because  of  Its  floating  barrel  characteristics,  an  inordinate 
number  of  failures  to  feed,  failures  to  eject  and  failures  to  fire  first  rounds 
have  been  obtained.  The  plastic  drum  magazine  contains  excessl/e  friction  and  low 
forces  for  positioning  rounds.  e’.L  vf  which  contribute  to  the  many  feeding  failures. 

T.^'e  thre^-roLuid  control  system  is  relatively  slaiple  but  in  its  simplicity  is  unsafe 
unless  unusual  precautions  are  observed.  An  over  all  assessment  of  the  weapon 
indicates  that  a  major  redesign  is  re(iuired  to  obtain  positive  functioning  and  to 
meet  the  requirements  Imposed  by  the  SPIW  program. 

As  (i  result  of  the  evaluation  of  the  Winchester  rifle  two  alternatives  are 
offered.  These  alternatives  are  either  (l)  abandon  the  Winchester  system,  or  (2)  allow 
a  major  redesign. If  a  major  redesign  is  allowable,  the  following  is  suggested: 

1.  Abandon  the  floating  barrel>receiver  design  and  attach  the  mechanism 
rigidly  to  the  stock  and  Incorporate  a  muzzle  brake-flash  hider -compensator 
attachment . 

This  design  will  then  be  slmillar  in  most  respects  to  other  weapons  considered 
in  the  SPIW  program. 
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2.  Design  a  simple  well- tuned  soft  recoil  mechanism  containing  a  magazine 
fixed  wilh  respect  to  the  mechanism  and  a  spring-friction  recoil  system  hetween 
the  mechanism  and  stock.  The  recoil  system  should  be  so  tuned  that  the  forward 
momentum  of  the  mechanism,  after  the  first  round,  will  psurtlsdly  counteract  the 
rearward  momentum  produced  by  firing  t:  a  second  or  any  succeeding  round. 
Although  this  will  Involve  a  movable  feed  mechanism  and  muzzle  attachments,  it 
is  a  good  way  in  which  the  transfer  of  momentum  from  the  rifle  to  the  shoulder 
may  be  reduced.  Togecner  with  the  soft  recoil  system  the  mechanism  must  be 
redesigned  to  eliminate  all  objectlcnal  features  of  the  present  design,  l.e., 
to  obtain  nosltlve  feeding  and  ejection,  controlled  three-round  bursts  with 
automatic  re -indexing  and  sv^ficlent  firing  pin  energy  for  positive  prlmei- 
ignition. 
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APPENDK 

(CONFIDEKTIAL)  TAaiES  CP  MEASUREMENTS  (u) 

Table  XI  -  Components  of  Impulse 

Listed  are  values  of  the  components  of  iapulse  along  the  bore  line  (recoil) 
and  perpendicular  to  the  bore  line  at  the  muzzle  device,  both  dovnweurd  and  left¬ 
ward.  Also  included  is  the  standard  deviation  (o)  for  each  measurement  and  the 
number  (n)  of  lounds  fired  in  the  ballistic  pendulum  to  obtain  it. 

Table  XII  -  Rates  f  Fire 

Listed  is  the  average  rate  of  fire  for  each  of  the  prototype  weapons  in  full 
automatic  fire  (FA)  and  controlled  bursts  of  three  rounds  iJRB).  Included  are  the 
number  (n)  of  determinations  ar.^  the  otaadard  deviation  (o). 

Tables  Xlll  through  XVIII  -  Phj'slcal  Measurements 

Listed  for  each  of  the  weapons  are  the  weights,  linear  measurements  and  moments 
of  inertia  of  various  combinations  of  conrponents .  These  are  designated  eis  follows! 

R  rifle  w/magazlne,  w/o  fore-grip  If  replaced  by  launcher 
r  round  of  appropriate  ammunition 

A  rea  round 

Reg  radial  distance  from  center  of  butt  plate  to  center  of  gravity 

Ycg  distance  from  center  line  of  bore  to  center  of  gravity 

leg  moment  of  inertia  about  a  horizontal  axio  through  the  center  of 
gravity  and  perpendicular  to  the  center  line  cf  the  bore 

Ibp  moment  of  inertia  about  a  horizontal  axis  thi'ough  the  center  of 
the  butt  plate  and  perpendicular  to  the  center  line  of  the  bore 

DNA  does  not  apply 

MBC  muzzle-brake  and  compensator 

Launcher  includes  launcher  magazine  and  sights. 
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tabus  XI 


(uOiuJJJjEnTIAL) 


nrtiroAUfPWPC!  r(P  TMFUI^S 

WV>****  v***^*®**^  • 


Weapon 

Ammunition 

Condition 

Mli+ 

wcc  6007 

Normal 

M16 

RA  5^^7 

Normal 

18  Mar  64 

Normal 

27  K'r  64 

M16MBC 

RA  5027 

MBC 

AAI 

AAI-650-15 

Normal 

WCC  6002 

Normal 

AAI-65O-U 

MBC  rotated 

90° 

SIR 

WCC  6028 

Normal 

MBC  rotated 

900 

WIN 

WCC  6028 

Rifle 

Rifle  w/ 
launcher 


Area  round 
SIR  single  shot 
launcher 


DJHJLSE  (lb  -  sec) — ^ — 

n 

10 

Recoil 

Rownuard 

Lern.Tu-u- 

2.652 

0  =  0.012 

- 

DliA 

10 

1.200 
tj  =  0.015 

- 

DNA 

3j0 

1.247 
a  =  0.012 

- 

DNA 

10 

0.959 
a  =  0.008 

0.140 

0  *  0.005 

DNA 

8 

10 

ID 

0.426 
a  -  0.048 
0.448 
a  n:  0.006 
0.459 
a  -  0.006 

0.078 

0  K  0.005 
0.080 

0  m  0.002 

0.006 

0  a  0.002 

10 

10 

0.410 

0  -  0.005 

0.411 

0  B  OfCX^tS 

0.049 

0  m  002 

0.005 

0  »  0.002 

10 

10 

0.466 

0  -  0.004 
0.464 
a  m  0.004 

m 

0.022 
0  m  0.004 

Dm 

DNA 

10 

2.850 
a  »  0.028 

DNA 

Dm 
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IABI£  XII 

(CONFIDHHTIAL)  RATES  OF  FIRE  (U) 


Weapon 

Weapon 

Rate  of  fire 

(spn) 

'system 

number 

W 

a 

n 

a 

n 

AAI 

2 

2184 

238 

4 

700 

/* 

0 

28 

3 

2360 

67 

4 

690 

13 

-7 

U 

1869 

140 

6 

713 

57 

15 

CPR 

11 

1621 

30 

6 

1597 

32 

23 

14 

1663 

78 

8 

1694 

51 

10 

15 

1709 

44 

10 

1741 

53 

21 

17 

1684 

82 

8 

1618 

42 

20 

19 

1632 

30 

4 

1617 

30 

27 

WIN 

1 

647 

10 

6 

709 

19 

9 

3 

637 

- 

2 

769 

35 

22 

9 

626 

8 

6 

707 

25 

10 
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TABI£  XIII 


<j.2h 
q  78 


«  19.56 

R  +  lOr 

R  +  20r  ^9-5*^ 


R  +  lOr 
R  +  20r 


I  (ib-ft-sec  ) 

_2fi- - - 


R 

R  +  lOr 


R  +  2Cr 

2 

I^^(lb-ft-8ec  ) 
R 

R  +  iOr 
R  +  20r 


1.067 

1.125 

1.250 


0.220 

0.221 

0.222 


0.982 

1.02; 

l.OSlv 
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TABIE  XV 


(CONFIDENTIAL)  PHYSICAL  MEASUREMENTS  (U) 


Weig!  (lbs.) 

Foregrip 

Launcher 

0,5B  t  0.06 

5.11  i  0.05 

R 

6.43  t  0.06 

10.97  t  0.04 

R  + 

6.65  t  0.06 

11.39  *  0.04 

R  +  60r 

7.27  t  0.06 

11.81  t  0.04 

R  +  60r  +  >. 

DNA 

13.28  +  0.04 

R  (iQ.) 

F 

17.91  -  0.08 

22.61  t  0.02 

R  +  30r 

17.91  -  0.08 

22.43  t  0.02 

R  +  60r 

17.91  -  0.08 

22.50  *  0,05 

R  +  60r  +  5A 

DNA 

22.76  -  0.06 

Y  (in.) 
eg' 

R 

0.82  -  0.04 

1.10  -  0.02 

R  +  30r 

0.89  -  0.0k 

1.15  t  0.02 

R  +  60r 

0.95  -  0.04 

1.17  -  0.02 

R  +  60r  +  5A 

DNA 

1.22  -  0.02 

I  (ib-ft-sec^) 
eg' 

R 

0.113  -  0.001 

0.215  -  0.001 

R  +  50r 

0.113  -  0.001 

0.216  *  0.001 

R  +  60r 

0.114  -  0.001 

C.219  -  0.001 

R  +  60r  +  3A 

im 

0.229  -  0.001 

I^p(lb-ft.sec2) 

R 

0.558  ^  0.014 

1.425  -  0.004 

R  +  30r 

0.587  -  0.009 

1.454  -  0.004 

R  +  60r 

0.617  -  0.010 

1.484  i  0.0'J2 

R  +  60r  +  5A 

DNA 

1.714  -  0.013 
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TABLE  3WI 

(UNCLASSIFIED)  PHYSICUiL  MEASUPEMEMTS 

- - L-  39.75* — 


weight  ( ILa . ) 


R 

R  +  30r 
P  60i 
R  +  60r  3A 

R  (in.) 

,°g..  ■ 

R 

R  +  30r 
R'+  60r 
R  +  60r  +  5A 

•‘ci, 

R 

R  +  30r 
R  +  60r 
+  60r  +  5A 

I  (Ib-ft-sec^) 
R 

R  +  30r 
R  +  60r 
R  +  60r  +  ?A 

(ih-ft-sec^) 

R 

R  +  50r 
R  +  60r 
R  +  60r  +  5A 


FOREGRIP 

0.4 

15.0 


DNA 


DNA 


DNA 


DNA 


LaUNURER 

5.5 

19.9 


22.0 


21.5 


1.5 


0.35 


DNA 
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TABIE  Xffll 


(ill') 

- 


R 

B  +  50r 
R  +  60r 
B  +  60r  +  5A 

(in.) 


R 

R  +  50r 
R  +  60r 
R  -  60r  +  5A 
2 

I  (It-ft-sec  ) 

_£fi - — 

R 

R  1,  ?0r 
R  +  60r 
R  +  60x  +  ’A 
2 

t^^(Ib-ft-s=3C  ) 

R 

R  +  50r 
R  +  60r 
R  +  60r  +  5A 


15.36  -  0.05 
12.88  i  0.05 
12.55  -  0.05 

DHA 


0.26  -  0.02 
O.to  -  0.01 
0.51  -  0.01 

MA 


0.157  -  0.002 

0.144  -  0.005 
0.150  -  0.001 

DMA 


0.455  -  0.005 
0.455  -  0.005 
0.457  -  0.004 
CHA 

95 


16.75 

16.40 

16.01 

17.17 

0.75 

0.80 

0.85 


0.215 

0.219 

0.255 

0.255 

0.928 

0.927 

0.929 

1.151 


14.42 

14.06 

15.67 


0.50 

0.60 

0.70 


0.155 

0.160 

0.169 


0.568 

0.571 

o.57l^ 
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B 

R  +  30r 

P  +  6^- 

R  +  60r  +  3A 

,  (inO 


0.i5  -  0.01 

7.18  i  0.03 
7.57  -  0.03 
7.96  i  0.03 
m. 


3.22  -  0.01 
10.25  -  0.03 
10.6U  i  0.03 
11.03  -  0.03 
12.50  i  0.03 


R 

lfl.38  -  0.05 

22.31  -  0.03 

R  +  30r 

18.20  -  0.05 

22.06  t  0.04 

R  +  60r 

18.05  -  0.05 

21.81  -  0.03 

B  +  60r  3A 

ou 

22.95  -  0.05 

°ft _ 

R 

0.32  -  0.02 

0.67  *  0.03 

R  +  30r 

0.1»6  *  0.02 

0.76  *  0.02 

R  +  60r 

0.57  -  0.02 

0.82  i  0.03 

H  +  60r  4  3^ 

nu 

0.68  -  0.02 

I  (Ib-ft-iec^) 

- 

0.152  -  0.001 

0.249  •  0.001 

R  ^  30r 

0.153  -  0.001 

0.254  -  0.001 

R  60i 

0.15*!  -  0.001 

0.259  •  ^»-02 

R  4  60r  4  3^ 

am 

0.266  •  0.002 

^ - 

0.674  -  0.001 

1.350  -  0.004 

R  4  30r 

0.694  •  0.005 

1.371  *  0.005 

R  4  6Cr 

0.715  -  0.005 

1.390  ^  0.004 

R  4  60r  4  3* 

nu 

1.705  -  0.007 
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